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March 25, 1980
DATE:

SUBJECT: - DBCP Experimental Use Permit Review

reom—-7 "5~ Henry Jacoby, Product Manager 21
Registration Division TS 767

T Faom Chemist, Environmental Fate Branch
Hazard Evaluation Division

THRU : Susan Sherman, Acting Reputy Director
Hazard Evaluation Division

THRU : Dr. Gunter Zweigqg, Chief
Environmental Fate Branch
Hazard Evaluation Division

This memerandum summarirzes my assessment of the DBCP Experimental
Use Permit 5481-EUP- R, received January 24, 1980. Briefly, my
recommendation is to allow the experimental use permit as proposed
but with stringent requirements on selection of use sites. Care
should be tzken when sgelecting use sites in order to minimize the
potential for ground water contamination. In this memorandum, I
explain how to select the use sites.

Backoround

Amvac Chemical Corp. proposes to test a new closed chemical
transfer and applicator system. BAmvac feels that use of this
system will reduce crop residues and worker exposure to DBECP.
Thus they wish to generate this data to use in the cancellation
hearings.

However, no mention is made anywhere in the proposal about the
possibility of ground water contamination.

Amvac proposes to test a maximum total of 12,000 pounds of DBCP,
256 acres, and 41 crops. At the treatment sites (which will be in
different areas depending on availability), workers will sample
air, soil foliage, bark, crops, and decontamination rinsate. The
s0il samples will be one inch deep, and the air samples will be
“taken at various times during and after transfer and application.
Fields will be posted and various precautions will be taken to
protect workers. Detailed methods for sampling and analysis are
attached to the proposal. ’

EPA FORM 1320-6 (REV. 3-76)



Impact on Risk Analysis

Results from the proposed EUP mey significantly increase our
krowledge about exposure during mixing/loeding.operations and
reverse transfer. Applicator exposure data will probably not have
& large impact on our exposure analysis. There will be no impact
on our knowledge of drinking water contamination.

Recommendaticn

EN

Dave Scvern, of my branch, reviewed the worker exposgure aspects of
the proposal and has no comment.

I am concerned about poesible contamination of ground water.
Therefore, I propose that the following criteria be used by Amvac
or their coworkers to select the DBCP application sgites. Use of
these criteris will minimize the potential for ground water
contamination. They are listed in order of decreasing preference,
from most preferable to least preferable. ’

1. Sampling gites shculd be selected that do not overlie
aguifers*, and are not in the immediate vicinity of aquifers
(approximately 1/2 to 1 mile).

2. Sampling sites should be selected that are not recharge sites
for aquifers or in the immediate vicinity of aquifers. 2an
example of such a suitable gite is a field that overlies &n
artesian aquifer that is confined by an impervicus clay
layer. FRecharge data can be cbtained from United States
Geological ESurvey staff (district and sub~district offices),
state water management district staff, and in some cases
local university scientists and USDA regional staff
{extension agents and staff of the Soil Conservation Service).

3. 1f application sites overlie agquifers, they should be chosen
using vhe criteria below.  When the criteria are properly
applied. DBCP that leaches should be retained in the soil

*For the purpose of this document, I define aquifers as strata of
water bearing material (e.g., rock, sand) ccpable of sustaining
potable water supplies in small private wells (a few gallcns per
minute) or greater quantities.
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profile long enough so that $5% of the DBCP in the sgoil is
hydrolyzed before reaching the water teble (the top of the
aquifer}. The calculations for the criteria are simplistic
and based on our present stete of knowledge which is
constantly improving. Data required to apply these criteria
are aguifer recharge vates. depth to the water table, and
percent organic carbon content of the .soil. Recharge rates
and water teble slevations can be cbtained from the
information scurces identified sbove. Recharge xates can
also be estimated by subtracting evapotranspiration rates
(calculated from pan evsporation data multiplied by a

pan coefficient) and runoff rates (estimatedé) from the annual
precipitation and irrigaticn water rates (in/vr or ft/vr)} for
the site of concern. Changes in =oil melsture storage
capacity need not be censidered becauge they are usually
miniwal. Percent organic carbon information can be obtained
from extension agents. Note that I refer to erganic carbon
and not organic matter. The difference is a factor of 1.72.

In my assessment I have considered the soil to be composed of
an upper layer and a lower layer. The upper layer iz the top
three feet of so0il and the lower layer 1s all so0il between
the top layer and the acquifer.®

wWith this in mind, the tables below should be used in the
following menner. - In T&ble I, locate the appropriate recharge
rate and ¢rganic carbon content to determine the approximate
length of time DECP will be retained in the top three feet of goil.

* Justificstions for this assumption and others, as well as
detailed calculations, are attached as the Appendix.

F~
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Table 1.’ tpproximate Rezidence Time in Yearsz of DBCP in the po
Three Feet Upper Layer of Soil Profiles with Variocus
Recharge Rates and Organic Contents

!

| | Recharce Rates |
i | |
| & Orcanic Carbon3 b1 2 4 € 9 12 16 20 25 30 |
| 0 I 1.8 09D ©.45 030520 ~OV5. O1..0097  6L73 QUé0|
| 1 | 9.4 4.6 2.4 1.6 1.0 .78 .58 .4€ .38 .32 |
| 2 i 17 8.4 4.2 2.8 1.9 1.4 1.1 .B& .68 .56 |
| 3 | 24 12 6.0 4.0 2.8 2.0 1.5 1.2 .98 .82 |
! 4 | 32 16 £.0 5.4 3.6 2.6 2.6 1.6 1.3 3.1 |
| 4 | 40 16 10 6.6 4.4 3.2 2.4 2.0 1.6 1.3 |
i 7 |.54 28 14 8.2 6.0 4.6 3.4 2.8 2.2 1.¢ |
| 10 | 78 38 1 13 B.6 6.4 4.8 3.8 3.0 2.6 |
| |

1 Calculetions and justifications for values in this table zppear in the
Appendix.

? Error is unknown. See the discussion in the appendix.

3 Percent organic carbon on the basis of the top 1~1/2 feet og ggil. Thus in
the calculations in the &ppendix this value was divided by ° /1.5 £t = 2,
which yielded the percent organic carbon averaged over the tep three feet.

. .

Recharge rates {(psrceclation rates) in inches of water per year.
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The time in vears from Table I is then added to the time in yeares
cbtained from Table Il. The velues in Table II 2re cestimates

of the lengih of time DECP will be retained in the lower layer.
The only data regquired to use Tsble II are recharge rates and
sguifexr cdepths.

Table II.' Approximate Regidence Time in Yearn® of DECP
in the Lower Laver of £ail Profiles™ with
Various Recharge Rates and Aquifer Depthe

Fechayrge Rates {(in/vry)

. - — G . N s Woini S G W Siwy W

}
hguifer Deptihs | 1 2 4 G 9 12 16 26 25 30
X {
20 ft. |3 51 26 13 8.5 5.7 f$.2° 3.2 2.6 2.8 1.7
30 } e1 40 20 14 S.0 6.8 5.1 4.0 2.2 2.7
40 I 111 56 28 18 12 9.2 6.9 5.6 £.4 3.7
50 | 141 70 35 2 16 12 2.8 7.6 5.6 4.7
70 | 261 100 50 34 22 17 13 10 5.0 €.7
ag | 261 130 €S 44 29 22 18 13 10 8.7
120 ] 351 178 eg . 58 39 28 2 18 4 12
150 -} 441 220- - 119 74 49 37 28 2 18 15
200 | se2 288 148 sg 1411 49 37 3¢ 24 20
]
|

Calculations and justifications for valves in this table appear in the
kppendix. This table cannot be used when it is likely that the subsoil is
very porous with a high concentration of sclution channels.

Residence time in years. Brror is unknown. See the discugsion in the
Appendix.

The lower layer is bounded@ by the zgquifer and the top three fest of soil.
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Thus an estimete of the total residence time of DRECP in the
vertical profile can be cobtained by locating the apprepriate
environmental parametors on the two matrices, readlng the
regidence time in each matrix and summing the two timeg together.

Allowsble use sites are those sites for which the total residence
time ig 25 years or greater. At thisg point sufficient hycérolysis
of DBCP would have cccurred such that exposure potentizl is
greatly minimized. These estimates are based on our present
understancding of the behaviox of organicg in the soil profile,
which is still zn evolving state of the art.

Tuo sample calculations are ag follows.

-

. Example 1

A aite in the Southeast is selected where the recharge rate is 20
in/yr, the organic carbon content in the top 1-1/2 £t is 2%, and
the water table is 70 ft deep. The total residence time of DECP
- in the sgeoll profile will be 0.84 yr + 10 yx = 10.8 yr which is
less than 25 yrs so the site is not allowed.

Example 2

A similar site is selected which is nearby. Crganic carbon is 2%,
recharge rate is 20 in/yr. water table depth is 200 f£ft. Residence
time equals .84 yr + 30 yr » 30.8 yr, which is greater than 25
years, thus use of DICP is allowed.

I consulted with soil physicist Carl Enfield, EPA -~ Ada, Ok., on
this schewe, and several of his suggestions were incorporated.

~ Dave ESevern, EFB/EED, also provided helpful comments on the worker
expogure aspect of this EUP.

Stuarf Z. Cochen

cc: C. Enfield ORD-Ada
D. Severn EFB/EED
R. Carsel EFB/HED
M. Mulkey oGC
J. Kempter EPRD

R. Cook EFB/HED
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Choice of Division cof Soil Profile into Two Lavers

in this scheme seperate calculations are performed for the upper
and lowexr soil zeones, which are bcocunded by the surface at the top
an imaginary line three feet deep in between, and the water table
belowe Two zones were chosen because 1) the hehavior of watex
{kydrologic balonce) varies much more widely near the surfece
than deeper in the soil profile, znd 2) the behaviocr of DECP
cheuld be much different nesr the surface than deeper in the soil
profile duec to organic matter near the surface. It is .
reagonable to consider a three feet depth as the lower limit of
the root zone, where almesgt ell evapotranspiration takes place-.
Below this zone, transient variation of rechargas rates is not
expucted to be very great. I assumed binding of DECP was due
solely to the organic matter present (e.g.. see Chiou, et al.,
1979) ané thet &ll orgarnic caerbon is present in the top 1-1/2 ft.
‘of the so0il profile. Therefore, in my calculations I avaraged the
organic carben content over the I £t. upper layer (e.g., 2% x=

1.8 ££/32 ft = 1%}, It 4is noteworthy that Hydrocomp, Inc., and
EPA also divided the soil profile into different zones for the
purpose of hydrologic balance (Johaneon, et sl., 1979}. These
gores are surface (1/8%), uppér (6.0%), and lower {(72.07).

Genexsl Ecustion for Leaching Velocity of DRCP

The eguation used was

Vs = ¥V /R, where
V8 = apparent velocity of soluvte through the socil
profile,

Vw = veiocity of water throuch the soil profile,
and R = retardation factor of solute.
Also V= Vr/g and
E= +QOXd/g, where
& = water content of soil
Vr = annual recherge (percolation) rate of water,
§>n bulk density of soil, and
xd = goil water distribution coefficient obtained or

calculated from & linear adegorption isotherm,

Thig equation is basic, simplistic, and familisr to scil
physicists. Enfield, et al. (1980) briefly discuss it.

To simplify and generzlize use of the equation, I set G’w 1.5 gn/cc
and & = 25 (25% moisture centent). For these two generalizations,
there will probably be a greater erxor in & , which often varies .
between 0.1 and 0.35 in the unsaturzated zone.
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This eguation assumes the pesticide moves downward through the
soil in a plug flow, rather than a broadened kand which ig more
realistic. However, this assumption should not introduce &
significent error intc my calculations. This equation also
assumes recharge is steady state rather than transient. In fact,
recharge water moves faster when delivered in intermittent,
intense rsin stoxms rather than steady application. Therefore I
have multiplied the water velocity rates for the uvpper layer by a
factoxr of 5 (or divided the DICP residence time in the upper
layexr by a factor of 5)}. This conservative facter also ellcows
for the fazct thet during transient events the Ké will likely
overestinmate the actual amount of soil-bound DBCP.

Calculations

-

. Calculations were performed in the following manner. A Koc (the

Ké normalized to the organic carbon content of soil) was
determined by averaging the values obtained by Enfield and Wilson,
EPA-Ada (1980) and Chiou, et al. (1979).

¥Yoc = Rom x 1.724 = 75 x 1.724 = 129 (Chiou, et al.)
* Xoc = 150 (Enfield & Wilson)
Koc {(averzge) = 140.

As discussed above, the % CC for each soil wags divided by two in
order to average this 1-1/2 ft value over 3 ft. Xd& was then
determined for each soil by multiplying CC times Koc. Example:
for a 3% orgenic carbon soil, 140 % .03/2 = 2.10.

Kd values were then uvsed in the equation for the retardation
factor (discussed sbove):

R 3‘14-9 é? .

The particular value of R was then used te calculate V
(leaching velocity of selute) for each recharge rate: .
v, = (V. /eI/R

Vs was multiplied by the conservative factor 10, which was
discussed above and is also discussed below in the section on
erxor analysis.

This value was then used to calculate the residence time of DECP
in the upper layer by dividing the depth of the uvpper layer (3 £ft)
by Vs, expressed in ft/yr.

t = d/V8
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These are the values that appear in Table I.

Values for Teble II were calculated in the following manner.
8ince I essvmed all orgsnic carbon was present in the top 1-1/2

ft. of scoil, for the lower layer Kd = 0, and R = 1. Bo V =

Vr - Por en equifer of depth x, & = x-3 since the top 3 2

kave slready been consicdered in the calculations for Table II
sbove. Once sgain, the ecquation ¢ = c!/VB is vsed to estimcte
x#sidence times cof DBECP in the lower layer. Thus the values for a
specific envirconment for Table I and Teble II will yield an
estinate of the total DECP residence time in the soil profile.

Justification for 25 Year Cutoff Vealune

Twenty five vears was gelected asz the desirable residence time
based on the hydrolysis helf life of DBCP. This half life is
approximately three to four years vnder ambient conditions. Using
the {irst order decay equation:

in Co = kt,
c

one ohtains 15 years as the time required to 95% degradation. 2
10 year szfety factor was added because of the various cssumptions
mede in this modeling procedure. Use of the cquation akove
agsumes that s11 of the DBCP in the soil profile is available for
hydrolysis. That is, I arbitrarily assume that DBCP bound to

the soil cen alsec be hycdrolyzed.

Error Analvsis

The. ebove method was spplied to field data on aldicarb in Long
Island, Calculated V_ was 10 ft/yr for a 6 feet deep aquifer

end 12 £t/yr for a 4 feet deep aquifer., General Vs estimations
for that regicn are 6 ft/yr. Thig is favorable agreement because
it indicates that desigreting the conservative fzctor 5 is erring
on the side of enviromment safety, -and the error should decrease
ag the squifer depth increases. Thiza latter phenomenon is due to
the agsumption that moet of my calculational errer is in the upper
layer, which becomes less important asm the lower layer becomes

greater (aquifer becomes decper).
\
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